Abstract-This paper demonstrates how a wearable armband that incorporates Gyro and EMG sensor fusion, can be used as a simple input device for upper body amputees. The armband enables any user with some level of yaw and pitch arm movement, and arm muscle voluntary contraction, to potentially control an electrical device like a computer, robotic arm, or mobile phone. Simple Gyro data calculates pitch and yaw, while EMG threshold based techniques are used for a virtual enter button. Only light weight signal processing is required to achieve acceptable results, reducing the required processing time on the microcontroller and receiving device, thereby allowing the Fusion Band to be interfaced with almost any device. Three locations on a users arm: wrist, upper forearm and bicep were tested, in order to simulate variations in amputation, while experiments on text input and computer navigation were preformed to analyze the devices usability as a computer interface. The device aims to make interaction in computer applications more intuitive for amputee users.
I. INTRODUCTION
There are believed to be over 3 million amputees world wide [6] , with between 10-25% of those being upper body related. This accounts for a large portion of people who may require additional support in their daily lives. Individuals with upper body amputations have limited control of electronic devices. Computers, mobile phones and the majority of other electrical devices, are focused on ablebodied users. Usually amputees are forced to use interfaces, which are not specifically designed for them. Most commonly this involves having to use a keyboard and mouse with or without their prostheses. This severely effects the user interaction, as most prosthesis can be big, bulky and tiring to continually use. A adaptable, lightweight and intuitive interface would be ideally suited for amputees, something that can be simply slipped on and used, without any major reconfigurations.
Most attempts at designing interfaces for amputee users, usually focus along the lines of muscle and brain interfaces, as users will likely have residual muscle function, while also having brain function. However, none of these approaches are developed enough too provide a simple, easy to use, multiuser compatible interface, as the majority require training and calibration, often to complex and time consuming for a user. Hence, systems which minimize these complexities are predicted to be best suited to wide-spread use.
For most people, it is incredibly easy to move their arms, even partial amputees still have this ability. This natural ability can be exploited to give a human operator an easy to use interface to control a robot, computer, mobile phone or other such devices. This would allow a user to move his/her hand or arm in a natural way, while a device records the motion and uses it as input to an electronic device. In this manner, the user is able to control an application with minimal training.
In this paper, we aim to describe, the use of a prototype computer input device called a GE-Fusion Band [2] (Figure 1 ), which fuses together, Gyro and EMG (GE) sensors to form a synergy. We test its feasibility as an amputee based control system for navigating and inputting data into a computer. The device has the potential to be controlled by any amputee that has some level of arm movement and arm voluntary muscle contraction control. It has many potential applications; it is simple to build and easy to use.
The rest of the paper is organized as follows. Section II presents background on Motion control, EMG and a brief view of interfaces for the disabled. Section III, details the experimentation setup, IV describes the experiments and analysis results at multiple positions on a user's arm. Discussion of the results is presented in Section V to help analyze the usability of the interfaces. Finally, a brief conclusion and plans for future work are proposed in Section VI. 
II. BACKGROUND
Motion devices such as gyros and accelerometers, which measure the rate of rotation and acceleration respectively, are limited in their 'hands free' capabilities. They are able to detect motion, but are restricted in their ability to perform a selection, i.e. act as a virtual enter button. There are inventive solutions for bypassing these limitations, for example finger click selection, used with an accelerometer, uses an individuals ability to click their fingers to act as a mouse click, however not everyone is able to click their fingers. Alternatively, Eom et al used a gyro with a quick-nodding action to act as a mouse click [3] , however this could generate false positives, therefore neither present an ideal solution.
EMG, which stands for Electromyography, measures a very small electrical potential (in mV) produced during muscle activation. It would be ideally suited to act as a virtual enter button, as a simple clench of the fist, or movement of a finger could be utilized as input. This creates an intuitive and simple activation process.
One of the largest challenges while using EMG with a portable sensor fusion system, is the complexity of the sensor design. Currently, relatively low-cost, portable, user friendly EMG systems are generally not available. The nearest example is Saponas et al illustration of a portable EMG armband [11] .
New portable interfaces appear all the time, for example, 6th sense [8] combines computer vision with a portable computer and projector, turning any surface into a display, using finger location with gesture control as input. However, without fingers this device becomes quite limited. Microsoft's design of Skinput [4] , an acoustic based device combined with a mini projector, measures the complex sounds generated from finger presses on a user's arm, converting any part of your arm into a usable interface. Compared to 6th sense, the device has more potential to be used by amputees, but again its functionality depends largely on having fingers and the extent to which they can be used. Both approaches have tremendous potential, but are not necessarily focused on the disabled.
Procedures, such as nerve reinnervation [10] , or even electronic nerve connection, can restore a lot of lost functionality into a prosthesis, however, not every individual is able, or willing to perform such a procedure. Alternative approaches to interfaces for the disabled include: voice control interface [12] , Mechanomyogram (sound of muscles) based control for an alphabetic keyboard [9] , accelerometer mouse, eye tracking computer, Head Mouse System Based on Gyroand Opto-Sensors [5] , and sign language recognition [7] .
The most impressive interfaces fuse together EMG and Motion sensors. Using one's muscles could potentially allow us to recreate the exact motions and force of a human operator, which is ideal for amputees, as even though they have lost part of their arm, as long as their muscles are still intact, they should be able to get viable EMG signals. Xiong et al [1] incorporate motion and EMG gestures to form a user interface for non-amputees. The interface in not integrated, meaning that many parts need to be attached, making it too complex for an amputee. The device also requires certain hand gestures, which may not be achievable by every amputee. Therefore a simpler system would be better suited to fit the majority of users.
III. EXPERIMENTAL SETUP
The GE-Fusion Band was designed to work on any part of a user's arm, movable in the yaw and pitch orientations i.e. basically up/down and left/right (As shown in figure 1 ). Any muscle adjacent to the Fusion Band can be used to generate an EMG signal to control the virtual enter button, therefore this devices is not suitable for paralyzed individuals. Yaw and pitch motion was chosen for control, as it follows human arm motion most naturally, while horizontal and vertical movements require multiple joints to work in unison to keep a straight line, thus demanding additional energy expenditure. The yaw and pitch method utilizes well developed muscles used in everyday life, thus minimizing muscle fatigue, and allowing a user to use the Fusion Band for longer periods. The device is suitable for nonexperts, as minimal setup is needed, i.e. putting on the armband and attaching 3 electrodes. The Fusion Band has the majority of hardware enclosed in a small area, even the electrodes can be worn underneath the armband, making the interface relatively small and easy to use. Currently, the Fusion Band is only a wired prototype, a wireless version, however, would make it more portable, and therefore usable with any device. The Fusion Band incorporates a L3G4200D Gyro and INA128 Instrumentation Amplifier for EMG, which is connected to an Arduino Pro Mini (Figure 2) . A Full Description of the device can be found in [2] The majority of the Fusion Band's processing is performed on the microcontroller, including the acquisition, and partial processing. The receiving device only performs moving average functionality. This greatly frees up the receiving devices processing time, potentially allowing the devices to work with a large portion of other devices (Portable and fixed).
The Fusion Band was connected to a 3.3Ghz Intel Core PC with 64 bit operating system, running Windows 7 during experiments.
IV. EXPERIMENTAL RESULTS AND ANALYSIS
A good computer interface for upper body amputees needs to perform well in two main areas: data input and computer navigation. To test the feasibility of using the GE Fusion Band as an interface, 3 different experiments were preformed: 2 to test data input and 1 to test computer navigation. As this is a Fig. 2 . Fusion Band Hardware feasibility study, the experiments were tested on one able-bodied individual, with each experiment preformed at 3 locations on the arm: at the wrist, upper forearm and bicep areas, which is shown on the right of figure 3 . This was done in order to simulate amputation at the hand, mid forearm and elbow. Each experiment was repeated 5 times to establish an average, the two experiments for data input required the user to draw letters or use the on screen keyboard, with a further experiment performed on navigation. This experiment involved the opening and closing of windows, navigating the start menu and inputting data. If all these experiments can be successfully performed then you have a viable computer input device.
A. Data Input Experiment 1 -Draw Text
Data Input Experiment 1 tests a user's ability to draw letters to make words. The foundation of the experiment was to determine how fast the user could write the word with minimal error, and whether the resulting word is recognizable. Figure 4 Table 1 Headings: Draw Atime, which is the average time taken over 5 tries to complete the word, SD, which is the standard deviation, and Draw AErr, which is the average error of the results. The error is determined when the user makes a mistake that significantly affects the readability of a letter. Figure 3 shows examples of the output preformed using the GE Fusion Band at the wrist, mid-forearm and bicep, along with a comparison with mouse input. The input was drawn in a paint application, in a 80mm by 25mm box. Yaw and pitch motion moved the cursor, while an activated EMG threshold was used in a binary format to switch on or off the drawing capability.
Data Input Experiment 1 results found that as the Fusion Band moved further up the arm, the average time taken increased. This may have been due to the user not being familiar with controlling a computer interface in these positions. An amputee should achieve lower times, as they do not have the extra weight and restriction of a full limb. When comparing this experiment to mouse input, it can be clearly seen from figure 3 that the mouse produces the most readable results, however, the other results shown can also be easily readable using the Fusion Band at any of the locations. Interestingly the standard deviation(SD) shows that the upper forearm results were most stable, with a SD of 2.29 compared to 5.56 on the wrist, and 3.62 on the Bicep. The mouse was noticeably quicker and had lower SD than the Fusion Band, but this may just be due to familiarity with the input device. Differences should be reduced with more practice.
B. Data Input Experiment 2 -On Screen Keyboard
Experiment 2 tests a user's speed at entering words from an on screen keyboard provided by Windows 7. The mouse starting position was over the enter button. Once a timer is started, the user moves to the appropriate letter using yaw and pitch motion, and selects the letter using a single EMG threshold, the resulting output is displayed in Microsoft Word. Data Input Experiment 2 results found all the Fusion Band results to be very similar, only varying by around two seconds. The upper forearm produced the best time, however it also produced the worst error rate, suggesting, as it could be expected, a trade off between time and accuracy. During this experiment, keyboard and mouse comparisons were found to be close to three to four times faster than the Fusion Band. Again, this is due to the expert computer experience of the user with these input devices. Thus, with a new user we may come across similar results between interfaces, and an amputee may find the Fusion Band even faster than using a mouse.
C. Navigation Experiment -Computer Control
The computer control and navigation experiment tests the overall usability of the GE Fusion Band, by opening, closing, and using programs within a Windows 7 environment. Figure 5 shows a flow chart procedure of this experiment, with a starting position at the bottom left hand corner of the computer screen, and involved opening an internet application, an on screen keyboard, entering Table 3 Headings: Keyboard ATime (Average Time), SD (Standard Deviation) and Keyboard Avg Err(Average Error) signify the results of the experiment. The error is determined when the user significantly deviates from following the correct procedure, opening incorrect programs for instance. The Firefox icon was selected in the start menu, however, to prove the Fusion Bands navigation capability, the on screen keyboard was selected from Start Menu-¿Accessories-¿Ease of Access. The navigation experiment discovered similar times between the Fusion Band wrist and upper forearm implementations, varying only by 2 seconds, with the bicep version taking, roughly, 12 seconds longer. The mouse comparison, was still between 2 to 3 times faster than the Fusion Band, but with time and experience this should change. The SD's are very similar at all locations suggesting that an elbow amputee would not have significantly different results from a wrist or mid-forearm amputee.
V. DISCUSSION
Providing two forms of data input gives the user a choice, usually an on screen keyboard is used, as it is most familiar to the user. Drawing text is useful if there is no available on screen keyboard, like in small portable devices for example. This allows the user to draw individual letters, which could then be analyzed with some form of character recognition and used as data input.
To compare the Fusion Band, certain experiments included a mouse and keyboard comparison test. This allows us to verify its performance against standard input hardware, which the user has potentially used before. In this paper, the test participant was an expert user (defined as a person using a computer on average 40 hours or greater a week), thus results from the keyboard and mouse are likely to be significantly faster than an average or amputee user.
The results from the two data input experiments, i.e. drawing the word 'hello' and inputting the text via on screen keyboard, showed that drawing took 35 seconds longer than on screen keyboard input, which makes it more than 400% slower, due to the fact that it took time to make the output readable, while only simple clicks were required on the on-screen-keyboard experiment. With pattern recognition incorporated, and less time worrying about readability, one should potentially be able to complete the exercise in half the time. However, this would further increase the processing time and complexity of the system. The drawing experiment only required upper case letters, however lower case letters were briefly tested, and show potential for future implementations. The drawing experiment required much longer time than the on screen keyboard experiment, with more errors, hence, for a quick and easy setup, the on screen keyboard is the best solution. This may change if the user wanted to use the interface on a mobile device, with limited screen space.
Judging from the experimental data, the Fusion Band demonstrates that such a system should be usable for amputees, and may provide a more intuitive method for controlling a computer or other electrical devices. The next step would be to test the system with an amputee.
Drift is a problem with the user interface, as a gyro is being used. However, as the usable area of the interface is restricted to the computer screen, an offset will be caused by continuing to move your mouse out of the screen boundary. Therefore, by using the window boundaries a user can adjust offsets relatively easily. Alternatively, a control method that restricts movement only when an EMG threshold is reached, would also allow the user to automatically compensate for drift. Thus, if one of these control methods is employed drift can be compensated for.
Further applications were designed to test the Fusion Bands capabilities: 3D object manipulation, robot simulation control using mobile sim, and Edubot Robotic arm control. The applications (including the computer applications) all use the same control mechanisms, suggesting that an amputee using the Fusion Band could also control these applications, in addition to many more.
The uniqueness of the Fusion Band is that not only amputees can take advantage of the device, but any individual with some level of arm muscle voluntary contraction, and arm yaw and pitch movement, could use the interface as an intuitive computer, robotic or virtual reality input device.
VI. CONCLUSION AND FUTURE WORK
The contributions of this paper include analyzing the feasibility of using a prototype gyro and EMG sensor fusion armband as a computer interface for amputees. The device aims to make interaction more intuitive for disabled users while providing an alternative interface for non-disabled users. This paper confirms the interfaces' potential to be used by any upper body amputee with some level of yaw, pitch and voluntary muscle contraction control, and was tested on an individual at 3 locations on the arm to simulate the various forms of arm amputation. This demonstrates that any user can input text via an on screen keyboard or by drawing text, and navigate a standard computer system relatively easily. This provides a complete computer user interaction. Currently, a mouse is still faster than the Fusion Band implementation for an able-bodied individual, but results should show a smaller gap for amputees.
The aim of the paper was to evaluate the potential of the device, hence it was only tested on a non-amputee. The experimentation confirmed the potential of the prototype armband. If the device were to go further, future research would need to validate the armband on amputees, while also solving problems identified during this feasibility experiments, such as making the device entirely wireless.
